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QUESTION #1 

MARKS: 15 (3+ 3+ 3+ 3+ 3) 

7^ A-S £©uT\«0^ CoWfe-*. 

a) G>HST 5. fce*&o*yi f=o£. TAlV- 

• Has relatively low resistance. 

• Has relatively low capacitance. 

• Is not metal (prevents metal limited designs). 

• Signals must be on poiysilicon to activate a transistor. Can save a contact cut by keeping 
signal on polysilicon. 


b) 


i) None. -rte T-.IA.O. ROA . TwtU^Of 

iO None. Realizing t* Is actually the thickness,!; 1 ** tteshce voeu ^ t -Hi,*) c^pe*') ■ 

iti) See previous answers. Reid is related to thick-oxide and device well is related to thin- 

oxkle. Diffusion is another name for device well. DiPpuSioU 

See page 118 (etc) in 2 nd Edition, page 68 (etc) in I s * Edition, and pages C2, C6 and Rgure 
C.1 (e) in Appendix C handout. 



ingston, 

Nortel BiCMOS, CMOS5, FT25 (CMOS3DLM Is no longer used) 

Mitel MHei15 

Germum GA911 

MOSIS CMOS1S5 

Vitesse GaAs 




“So, I want you to get up now. 

I want ail of you to get up out 
of your chairs. I want you to 
get up right now and go to the 
window, open it, and stick your 
head out and yell, ‘I’m mad as 
hell and I’m not going to take 
this anymore!’” 
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For n-channel transistors, 
cut-off mode (i.e., off), 
transistor connected to 
(e.g., 4.3V). 


/A \ 


cp 


^ Eitam File Provriledi By 

^ The UofS IEEE Student Branch 



ieee.uiask.ca 



Similarly for p-channel transistors, the typical Vt is on the order of -0.7V. Given the minimum 
gate voltage would be Vss and one side of the transistor connected to Vss, the smallest 
voltage which could be passed would be (Vss - Vt) (e.g., 40.7V). 


See pages 86-87 in text for similar explanation. 

o t>fecccVo o ol iraps^sVor t>o desccl W 

• Cut-off. When Vgs < Vt, the transistor is effectively turned "off” (there is still a small 


• Unear. When Vgs >« Vt and Vds < (Vgs - Vt), the current flow is approximately 
proportional to Vds. 

• Saturation. When Vgs >= Vt and Vds > (Vgs - Vt), the current flow is approximately a 
constant independent of Vds. 


0 


Question confused some as should have asked for three "regions” as opposed to modes. 
Many mixed regions with modes (inversion, accumulation, etc.). So marks were given for 
either/or. 


WN does a. qdhcu.^A ve, JSjeinportt’Yf. 

The field (substate in this case] can be thought of as a large plane relative to the me 


_ Or' 

thought of as'a Targe plane? relative to the metal 1 lines. 
Therefore you get fringing effects from the perimeter of metall to the field "plane”. Polysilicon 
and diffusion are usually relatively small areas on the die and therefore do not act like planes 
relative to metall and thus the fringing effects can usually be Ignored. 
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QUESTION #2 
MARKS: 15 (5 + 5 + 5) 

a) t.rwW'Wshouy* W V ln =SY ^ 

^•^Uc^ U ^^.v^AW mU .' n ^° Co<r re5 ^ Vc *l e.? C4- i-s 

Given Vout = Vds = 0.2V 'rdxWbYit 

Vin = Vgs = 5V 40 ‘"‘P 1,0 ' 4 "* ^ 

Vt = 0.7V (for an n-channel CMOS3DLM) 

Therefore, since Vgs > Vt and Vds < (Vgs * Vt), the transistor is in “linear" mode. 

The current flow through a transistor in linear mode is given by: 

Ids = P((Vgs - Vt) Vds - Vds 2 / 2] 


Since the same current that is flowing through the transistor is flowing through the resistor: 


V* = I*xR + 0.2V 


R = 


4.8V 


2 ... . 3.9x8.854x10 M F/cm r , . 

(755cm 2 / V sec)---[4.3 x 0.2 - 0.2 2 / 2] 

5x10"* cm 


R = 106.8kQ 

For polysilicon, resistance = 18Q/ square 

. ^. 106.8kQ 

Length in squares = —--= 5933 

18*2/square 

Since minimum poly width = 3um, length = 17,800um (1 v 7.8mm) 

The length Is longer than most chips so this is NOT realistic! Could be done as a serpentine 
but still a large area. 


^OMT 
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a Ha a I mom SrtsS vAtXvV-ev- £K < kc') 4oV»a 4Smiley 
*>) vnofiover ^>otSib\€ e^-oca cr-at ^ -Hmes 

i) ForCMOS3DLM, = 775cm 3 /Vs \)OV<xt 

i,,, r»— ci*a.nAel «* p"CJoaAne\ 

“■ ‘ ■ !Ma " ,V ‘ J So^o„ use 

Therefore, n-channel: 3um wide by 3um long 

775 

p-channel: -^^x3 ~ 9.3um wide by 3um long 

ii) Consider the diagram for a NAND gate: 


Page 4 


HI 


HI 


¥- 


Vout 


For Vout = 1, one p-channel transistor will be 
“pull up" (worst case scenario). Thus the p- 
channel should be the same size as for the MSI. 

For Vout a 0, two n-channel transistors are in 
series. Thus they must each have half the 
resistance of the n-channel in the MSI, therefore 
they must be twice as wide. 

n-channel: 6um wide by 3um long 

p-channel: 9.3um wide by 3um long 


iii) Consider the gate capacitance seen on the input of the two types of gates. The gate 
capacitance is proportional to the gate area: 

For MSI, gate area = 3x3 + 9.3x3 = 36.9 urn 2 

For NAND, gate area = 6x3 + 9.3x3 = 45.9 urn 2 

Thus the relative speed of driving a NAND versus driving an MSI = 36.9 / 45.9 = 80% 

1-0 avt 4K<2 •3vg ln cj C& 4ro_rVS>.Hoo I mV 

RpmOo O^H? cOVhc,^ a.n 

it WxS 4*-^ ‘5amt u^o-rst QCc'b? 5 CcS &n Msirdnuy 

an Rsr"? >nc r 

a-i) \W S\<Wr U?vU 4kfabsvj€ VOA) 

jQAdrwin^an tdenUrd 2 - 10 ^ 1 - , 3 ^ 
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No, the circuit does not function as intended. D is driving against -Q, Q follows -D, and the 
output from the "first stage" (indicated by "X") does not go anywhere! 

The correct circuit should be: 









e~ 


**-41 
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QUESTION #3 
(ARKS: 15 (10 + 5) 


Some things to consider: 

• Circuit is not correct. I am assuming you are using the correct circuit 

• A STICKS diagram is done using lines, NOT polygons, rectangles, etc. Do NOT show physical 
layout since this would take way too long. 

• Inputs on metai must get to polysilicon. Therefore 3 contact cuts. 

• With outputs on metal may need as many as 4 contact cuts. 

• Phi and PhiBar need at least 2 contact cuts to swap sides (top to bottom). Maybe as many as 4. 

• Each transistor pair (i.e., in an inverter) contains 5 contact cuts. This assumes output is on 
polysilicon. 

• Each transistor set (2 n-channel and 2 p-channel, i.e., in a clocked inverter) contains 5 (NOT 9) 
contact cuts. This assumes output is on poiysilicon. 

• With two substate contact of each type there is about 24-30 contact cuts. We may be able to do it 
with less (if things work out) but it is unlikely. 

• A single transistor is about 25 dsm high and about 15 dsm wide. The width can be reduced by 
"hiding" the polysilicon overlap of diffusion but will still be 9 dsm wide (due to contact cut on 
source and drain). Rules A.2, A.3, A.6, A.7, C.5, D.7, and Rules A.2, A.6, C.5, and E.1. 

• A series combination of two transistors is about 35 dsm high and about 15 dsm wide. The width 
can be reduced by "hiding" the potysilicon overlap of diffusion but will still be 9 dsm wide (due to 
contact cut on source and drain). Rules (see above) and B.3. 

• Voo and Vss lines are 9dsm wide (due to the contact cuts in them). Rules A.6, C.5. 

• Don't forget that p+ diffusion and P-well must be spaced 14 dsm apart Rule D.1. 

• There are two choices for STICKS diagram organization. Vertical transistors and Horizontal 
transistors. A STICK solution is shown for each. Note that I have left the "white-space" in these 
diagrams to make them easier to read. It I was to do a physical layout I would concentrate on 
these spots in order to optimize the size. 

• Note that the 4 and 4 signal go from bottom to top and vice versa. If the cells had to be stacked 
end-to-end, this would allowed the cascading to be done efficiently by automatically making the 
right connections. 
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Prof] "Any questions?" 

Students] "I don't understand enough of this to formulate 



